Hydrologic condition is a major driving force for wetland ecosystems. The influence of water regimes on vegetation distribution is of growing interest as wetlands are increasingly disturbed by climate change and intensive human activities. However, at large spatial scales, the linkage between water regimes and vegetation distribution remains poorly understood. In this study, vegetation communities in Poyang Lake wetland were classified from remote sensing imagery. Water regimes characterized by inundation duration (IDU), inundation depth (IDE), and inundation frequency were simulated using physics-based hydraulic models and were then linked with vegetation communities by a Gaussian regression model. The results showed that the Carex community was found to favor more hydrologic environments with longer IDU and deeper IDE in comparison to the Phragmites community. In addition, we found that the Carex community could survive in a relatively wider variety of hydrological conditions than the Phragmites community. For the typical sub-wetlands of the Poyang Lake National Nature Reserve (PLNNR), only the influence of IDU on the distribution of vegetation communities was significant. Outcomes of this research extend our knowledge of the dependence of wetland vegetation on hydrological conditions at larger spatial scales. The results provide practical information for ecosystem management.
INTRODUCTION
Hence, there is a strong need for a typical ecosystem to reflect the relationship of vegetation with associated water regime.
The extensive wetland developed by the intra/inter-annual water-level fluctuations of Poyang Lake offers a reference site to study this relationship. The ecological and environmental conditions of Poyang Lake have been changing rapidly due to climate change and human activities, and the water level has declined significantly over the last decade (Zhang et al. b) . As the largest freshwater lake in China, Poyang Lake's hydrologic characteristics depend on both inflow from tributaries and outflow into the Yangtze River, which is affected by river discharge and the water level ( Ye et al. ) have also dried out the Poyang Lake wetland.
Consequently, the altered hydrology could result in a potential change in the plant community (Toogood et al. ) . Any change will be mediated through species traits or attributes that establish niche and competitive abilities of particular species (Keddy ) . The effects are greatest in shallow water, where even small changes in lake level can result in conversion of a standing water environment to an environment in which sediments are exposed to the air, or vice versa, resulting in death by flooding or in plant seedingbank germination (Keddy & Reznicek ) . For instance, Yu et al. () suggested that the Ganjiang delta has expanded toward the main body of Poyang Lake, a movement that was obviously influenced by the variation in water level.
In addition, species traits persist in successful adaptations to the environment and competition can be used to classify ecological groups of species (Boutin & Keddy ; Hu et al. ) . Therefore, a better understanding of the patterns of vegetation distribution involved with the changed water regimes is essential for wetlands management. To the best of our knowledge, remote sensing data with high spatial resolution provides a consistent and rapid measurement of vegetation conditions. Moreover, hydrodynamic/hydrologic models provide the most accurate method to identify the hydrologic conditions of a large area. Given this background, a combined approach of remote sensing and hydrodynamic modeling was applied to reveal the relationship between water regimes and the spatial patterns of communities in the entire Poyang Lake wetland. The objectives of this study were to: (1) identify the hydrological preferences of different plant communities over the entire Poyang Lake wetland and (2) evaluate the individual and combined effects of water regimes on patterns of community distribution. (Figure 1 ).
MATERIALS AND METHODOLOGY
In response to the annual cycle of precipitation, water flows from the Poyang Lake basin have an annual course, with large runoff inflow starting in February and peaking Lake wetland can be found in Table 1 .
Vegetation database
Owing to the flat terrain and fertile sediment, the alluvial plains maintain high plant species richness and diversity.
Since the area of exposed grassland reaches a maximum in winter, the land surface conditions of the Poyang Lake wetland were derived using a December 24, 2013 Landsat etc.). Considering the zonal distribution of the plant communities corresponding to the variation in elevation, field sampling was conducted perpendicular to vegetation zones to collect different species, and parallel to the shore of the lake to collect more samples from the same community.
The individual community composition was assessed from a 1 × 1 m plot when the cover of the dominant plant species was greater than 50%. All sampling data were recorded by GPS for later image classification and accuracy assessment.
Object-based image analysis
In this study, we applied object-based image analysis (OBIA)
to examine the broad-scale composition of the general sur- Commission ( Figure 1 and Table 2 ). The limited amount of observed data did not reflect the hydrological information of the entire wetland, especially for the dish-shaped pit groups (a large quantity of special geomorphic units) and the nature reserves due to the coarse spatial resolution.
Accordingly, the water level information for the Poyang Lake wetland was simulated using a 2D depth-averaged hydrodynamic model, which was implemented previously The model covers an area of 3,124 km 2 , which was determined by examining the historic lake surface during periods with high water levels. A 2D grid system with an unstructured triangular grid was adopted to capture the complex bathyme- (Table 3) . To depict the regimes in terms of water inundation, IDU was defined as the number of inundation days each year. The IDE was calculated as the mean depth of all inundated days. In order to distinguish the ecological significance of IDU, the IFR was defined as the number of times each pixel was inundated in a year, which reveals the water surface submersion and exposure processes of lake expansion and shrinkage in different zones. 
Gaussian regression model
The Gaussian regression model is available for evaluating the normal distribution of a vegetation population along environmental gradients (Gause ) . The model can be expressed as:
where y is the richness of vegetation, and it is derived from the abundance (relative coverage) of each community within each gradient of water regimes; x is the environmental indices, which contains IDU, IDE, and IFR in this paper; c is the maximum of richness, u is the optimum environment, which appears when y equals c; and t is the tolerance range of the vegetation, and it refers to the capacity of communities to endure the water regimes (IDU, IDE, and IFR) in this study (Figure 4 ).
RESULTS

Vegetation
In order to account for the high spatial heterogeneity of the Poyang Lake wetland, the interpretation precision of cover types was analyzed by a fuzzy set-based accuracy assessment. The area covered by dominant communities in the Poyang Lake wetland was 1,120.12 km 2 , accounting for 40.0% of the study area ( Figure 5 and Table 5 
Water regimes
Outputs from MIKE 21 included nodal water levels, total depth, and the outflow at Hukou. Based on the digital elevation model for the study area, specific water regimes 
Distribution of vegetation in relation to water regimes
Step sizes (intervals) of IDU, IDE, and IFR were specified as Table 6 ). The first eigenvalue (0.45) was canonical; the other three were not since there were only two species analyzed in this study. The CCA showed that the percentage of the cumulative variance of the first axis was 81%, accounting for 90% of the information regarding the relationship between species and environments.
In the CCA biplots (Figure 8 ), all variables were closely related to Axis 1, indicating an obvious water regime gradient along the first axis. A significant specific proportion (89%, For the three factors examined by CCA, IDU alone had a significant effect on the distribution of plant communities.
DISCUSSION AND CONCLUSION
In contrast, IDE and IFR were less important in this study.
Anoxic conditions may develop once a site is inundated. Relationship of species axes, environmental axes, and hydrological variables. In turn, each environmental axis can be defined as a combination of the hydrological variables. **Indicates that slope is significant at the level of 0.01 by T-test. 
